Only recently the debate on bank capital regulation has devoted specific attention to the role that bank loan loss provisions can play as a part of the overall minimum capital regulatory framework. Several national regulators have adopted or are planning to introduce a cyclically adjustable requirement for loan loss provisions and the Basel Committee on Banking Supervision is considering how t o provide adequate treatment to provisioning practices within a broad bank capital regulatory framework. This paper contributes to the ongoing debate by exploring the available evidence about bank provisioning practices around the world. We find that in the vast majority of cases banks tend to delay provisioning for bad loans until too late, when cyclical downturns have already set in, possibly magnifying the impact of the economic cycle on banks' income and capital. Notwithstanding a considerable difference in patterns followed by banks around the world we find that size and timing of provisions tend to improve with the level of economic development. The paper is structured as follows. Section 2 draws from the current debate on the cyclical impact of banks' capital requirements. Section 3 discuss the role of bank loan loss provision in the current debate of banks' minimum solvency ratios. Section 4 describes the empirical analysis and the data. Section 5 reports the empirical results, and Section 6 concludes.
1.
Introduction.
Risk-based bank minimum capital requirements tend to have a pro-cyclical effect on the economy (Basel Committee on Banking Supervision, 2000) . The deterioration of the quality of bank loan portfolios during economic downturns inevitably increases banks' risk exposure -and therefore the level of capital requirements -exactly when capital becomes more expensive or simply unavailable to weaker institutions.
The discussion on this topic has raged ever since the 1988 Capital Accord was originally enfo rced in G10 economies and subsequently, following the introduction of Basle-like approaches by most developed and emerging countries around the world. On one side it has become widely perceived that risk exposures need to be explicitly mirrored in the level of bank capital if regulatory arbitrage is to be avoided and bank stability pursued. On the other side, potential negative externalities of capital regulation have been stressed, pointing to the contraction of credit supply that higher capital requirements may generate during economic downturns. In general, critics of the solvency ratios discipline warn that controlling individual risk positions may not always minimize systemic risks and strict capital standards may, for instance, have aggregate undesirable liquidity effects.
The discussion has become more animated in the last couple of years as a consequence of the ongoing revision of the old Basle Capital Accord. This paper contributes to the ongoing debate by focusing on a frequently ignored aspect of bank capital regulation: the role of bank loan loss reserves as a component of bank regulatory capital. The question addressed is twofold. First, are there good reasons -conceptual and empirical -for a specific regulation of loan loss reserves within the general regulation of solvency ratios? Second, is it likely that a distinct treatment of loan loss reserves may affect the pro-cyclical features of capital regulation?
Following what appears to be the consensus view among practitioners and analysts of risk management we relate the volume of bank capital to the size of unexpected credit losses and loan loss reserves to the size of expected losses. We also argue that, consistently with this view, loan loss reserves should be left free to fluctuate over the cycle and comply with a minimum requirement to be respected on average over a predefined period and not at every single moment in time. A constant minimum requirement would therefore apply to economic capital and an average minimum requirement would instead apply to loan loss reserves. This approach would clearly strike a balance between the supporters of the opposing views of a fixed versus adjustable solvency regulation, but its relevance can hardly be defined at a theoretical level. Only an empirical verification can show whether bank managers are already pursuing a desirable pro-cyclical cyclical management of loan loss provisions and reserves, making additional regulatory incentives useless.
This paper therefore proceeds to analyze the cyclical patterns of bank loan loss provisions followed by large commercial banks in different geographical areas of the world. We anticipate some of the relevant results, noting that clearly different patterns prevail according to the location of the banks. Bankers on average create too little provisions in good times and are then forced to increase them during cyclical downturns magnifying losses and the size of negative capital shocks. These patterns are considerably diversified within the group of industrialized countries as well as within emerging economies. Larger and more timely provisions, though, appear to be positively affected by the level of economic development.
The paper is structured as follows. Section 2 draws from the current debate on the cyclical impact of banks' capital requirements. Section 3 discuss the role of bank loan loss provision in the current debate of banks' minimum solvency ratios. Section 4 describes the empirical analysis and the data. Section 5 reports the empirical results, and Section 6 concludes.
2.
Bank capital requirements and the economic cycle.
The cyclical effects of bank capital regulation have been thoroughly analyzed by a wide theoretical and empirical literature that has flourished in the 1990s following the introduction of the 1988 Capital Accord. The concern raised by academic and policymakers in the wake of the new regulation was that new higher capital ratios could lead to a reduced credit supply in periods of economic slowdown.
Concerns were twofold. On one side there was the preoccupation that the shift to a new regulatory regime could impact negatively on the supply of credit with a once for all effect. A second and more generalized concern was that a risk-based capital regulation by increasing capital requirements might increase the likelihood of capital shortages during recessions potentially reducing the supply of credit to the economy. The expression "capital crunch" was coined in the early nineties to characterize the simultaneous shortage of capital and the contraction in the supply of new loans that affected banks in New England during the early 1990s recession in the United States 1 .
A capital crunch could result in the reduction of total bank assets or alternatively in a shift toward less risky assets such as government bonds. An extensive survey of the empirical evidence available for industrialized economies, has concluded that "there is some evidence that bank capital pressures during cyclical downturns in the US and in Japan may have limited lending in those periods and contributed to economic weakness in some macroeconomic sector" (Basel Committee on Bank Supervision, 1999). Recent empirical evidence shows that the introduction of more severe capital regulation may have reduced bank credit supply also across emerging economies (Chiuri et al., 2002 
3.
Loan loss reserves and banks minimum capital requirements.
Current minimum solvency regulations commonly refer to a particular notion of capital called "regulatory capital" which differs from "economic capital" and that results from the sum of Tier 1 and Tier 2 capital (Berger et al., 1995) . The bulk of Tier 1 capital is represented by paid-in capital and retained earnings, while Tier 2 capital includes general loan loss reserves and a variety of bank liabilities characterized by a lower degree of seniority with respect to other non-capital bank liabilities. The sum of Tier 1 and Tier 2 capital represents the numerator of the solvency ratio and needs to meet minimum regulatory requirements.
We suggest that a reconciliation of the different views about banks capital requirements could be envisioned by considering a partition of regulatory capital based not only on seniority considerations -as is the case for Tier 1 and Tier 2 capital -but also and foremost on risk management considerations. Following the general consensus among risk management analysts and practitioners, economic capital should be tailored to cope with unexpected losses, and loan loss reserves should instead buffer the expected component of the loss distribution. Coherently, loan loss provisions required to build up loan loss reserves should be considered as a cost -that may be delayed in time but eventually will realize -differently from earnings which affect the stock of capital. A more detailed description of the conceptual difference between loan loss reserves and provisions and capital and earnings is provided in Appendix 1.
We can show that a loan provision management coherent with an increase of loan loss reserves in good time and a decrease in bad times reduces bank profit volatility and the probability of a negative shock to economic capital. For simplicity, consider a bank with only loans as assets. Let L be the amount of bank loans, r L the lending rate and r the average cost of funding. In this case, net interest income equals ) ( r r L L − ⋅ . Let bank profits (π) be expressed by the difference between net interest income, operating costs (OC) and the amount of asset depreciation (AD)
Let the lending rate (r L ) be defined as the sum of the risk-free interest rate (r f ), the prorated (unconditional) expected loss ratio E(d), the level of unit operating costs (c), and the level of risk premium (k):
By substituting equation (2) in (1) and abstracting from operating costs (we assume that c*L=OC), we have that profits may be represented by the following equation:
It is clear that, if asset depreciation is kept equal to the value of unconditional expected The application of this approach to the current Basel regulatory setting (where general loan loss reserves are allowed to reach up to 1.25 per cent of risk weighted assets)
would translate in a minimum capital requirement of 6.75 per cent of risk-weighted assets and an average requirement for loan loss reserves of 1.25 per cent of risk-weighted assets, to be met over a pre-defined number of years (defined according to the average length of an economic cycle). The level of regulatory capital would therefore vary over the cycle between a maximum of 9.25 per cent and a minimum of 6.75 per cent of risk-weighted assets.
From a practical perspective this additional complication of bank solvency regulation could be avoided should bank managers already face a proper set of incentives and follow "virtuous" pro-cyclical provisioning practices. We therefore turn to the empirical analysis of prevailing loan loss provisioning practices around the world where different fiscal, accounting, and regulatory regimes may prevail and affect provisioning patterns.
We could face two general situations. In the first, provisions would follow a procyclical (and desirable) pattern by which loan loss reserves are built up in good times and depleted in bad times signaling a prudent pattern that does not require any additional set of incent ives. In the second case, where loan loss reserves follow an anti-cyclical pattern by remaining low in good times and increasing in bad times, bank regulation may be revised to provide a new set of incentives.
4.
The estimation procedure and the data.
To verify the nature of the relationship between banks' earnings and to test our hypotheses about the determinants of banks' provisioning decisions, we estimate the following econometric relationship:
requirement to be met over the reserve holding period. The purpose, as in this case, was that of avoiding undesired negative externalities of prudential regulation on market liquidity.
where loan loss provisions over total assets (LLP) for bank i at time t are a function of profits before tax and loan loss provisions over total assets (EBP) for bank i at time t, total loans over total assets (L) for bank i at time t, loan growth in real terms (LG) for bank i at time t, the natural logarithm of total assets (A) for bank i at time t, and year dummies (T). The dependent variable of the regression in (5) is the level of loan loss provisions scaled by total assets. Our critical explanatory variable is given by bank income before taxes and provisions. We also control for bank asset portfolio composition, its risk profile and its size. We use the ratio of loan to total assets as a proxy of portfolio composition and we expect provisions to be positively related to the loans' share. As proxy of credit risk exposures we use the real growth rate of bank loans. This indicator is thought to be positively associated with bank risk, given that rapid growth of bank lending is generally associated with lower monitoring efforts and a deterioration of the quality of loan portfolios. A prudent bank should therefore show a positive association between the amount of loan loss provisions and the growth rate of its loan portfolio. We add the logarithm of total assets to control for a potential size effect: larger banks are expected to be better equipped to manage their risk exposure or simply may benefit from larger portfolio diversification opportunities. Year control dummies are intended to catch time-specific effects such as trends in the regulatory stance.
In order to capture both economic upswings and downturns we need to use bank data for a sufficiently long period. We collect bank balance sheet information from
Bankscope for the period 1988-99. This period captures both the economic slowdown in the US of the early 1990s (Peek and Rosengren, 1995) and the following upswing in the mid and late 1990s. For other countries this period captures at least one business cycle, and for certain countries, notably the East Asian countries, an economic crisis (during 1997-98) . Bankscope data refer to the set of large commercial banks in each country, for which accounting data are believed to be of better quality. Where possible we also use consolidated balance sheets data. We include in our sample the countries that had over the sample period at least three commercial banks recorded in the Bankscope database.
We have then eliminated the banks that over the sample period had less than three consecutive years of balance sheet observations, in order to control for the consistency and quality of bank reporting. Finally, in order to minimize the effects of measurement errors and outliers we have filtered out the bank/year observations that exhibited one of the following features:
-a ratio of loan loss provisions over total assets greater than 10%;
-a ratio of earnings before tax and provisions over total assets larger than 10%;
-a ratio of total loans over total assets smaller than 10 % or larger than 90%;
-a growth rate of bank loans in real terms larger than 50% in absolute value.
The resulting sample includes 37 countries 3 , with a total of 1,205 banks. We use both fixed effects and random effects regressions to allow for bankspecific effects. The Hausman test indicates that we sho uld rely on the random effects estimates rather than the fixed effects estimates in most specifications. We therefore only report the random effects regression results with their respective Hausman test statistics.
Estimation Results.
Table 3 presents the regression results for the whole sample. We find a positive relationship between the ratio of loan loss provisions over total assets and bank earnings, consistently with previous results for the US market (Greenwald and Sinkey, 1988) . At first sight, therefore, banks in our sample seems to have followed on average an income smoothing pattern. The ratio of loans over total assets has the desirable positive sign, while the loan growth rate, contrary to expectations, has a negative coefficient. Banks appear to have increased the amount of provisions together with the share of loans in their portfolio but at the same time they have been less prudent during periods of rapid credit and asset growth. We do not find a significant size effect: total bank assets are not related to the level of loan loss provisions once individual bank features have already been captured by the random effects. The time dummies, not reported in the table, indicate a decreasing trend over the sample period.
To allow for an asymmetric pattern of loan loss provisions during periods of positive and negative earnings, we interact the earnings variable with a dummy variable that takes value of one when earnings are negative and zero elsewhere (Column 2 in Table 3 ). The results indicate that banks make higher provisions when they incur losses 4 than when they generate a positive level of income before provisions and tax. This implies that during cyclical downswings banks eat into their capital to make provisions for loan losses, and that therefore on average banks do not provision enough during good times to cover losses during bad times.
The relation between bank earnings and loan loss provisioning is expected to be highly country-specific. In particular, it is expected that banks in developing countries experience more difficulty in smoothing their income than banks active in more developed economies due to the lack of adequate incentives and a poorer level of information. To allow for a country-specific relation between bank earnings and loan loss provisioning we interact the earnings variable with the level of GDP per capita (Column 3 in Table 4 ). We find that the positive link between bank earnings and provisions is stronger for countries with a higher income level, suggesting that pro-cyclical behavior of loan loss provisioning is higher in developed countries than in developing countries.
Column 4 in Table 3 presents the regression results with both the negative earnings dummy and the level of income. We still find that banks provision more when they generate negative earnings but the level of per capita GDP is no longer significant. Tables 4 and 5 . The regional regressions have two advantages over the whole sample regressions. First, they allow for cross-regional differences in each of the regression coefficients. Second, the regional regressions do not suffer from an overrepresentation of banks from one region, unlike the whole sample regressions, where US banks represented a very large share of the overall sample. Asia also show a larger negative relation with loan growth than European and US banks confirming a more questionable approach to loan loss provisioning.
The absence of a size effect that we found for the whole sample is consistently confirmed for each of the four regions indicating that there does not seem to be any systematic difference in the degree of loan loss provisioning between large and small banks.
Finally, although not reported in the tables we find differentiated and significant time patterns across the four different regions. For example, in the US case we find that the level of loan loss provisioning has been decreasing consistently over time during the 1990s. This finding is consistent with changes in the US regulation on bank minimum capital that have diminished banks' incentive to build up loan loss reserves. From 1992 onwards in fact, with the introduction of the Capital Accord in the US, loan loss reserves were no longer counted as a component of Tier 1 capital, but were counted towards Tier 2 capital (up to 1.25% of the bank's risk-weighted assets). Hence, from the perspective of compliance with regulatory capital requirements, it became much more effective for US banks to allocate income to retained earnings (entirely included in Tier 1 capital) than to loan loss reserves (only partially included in Tier 2 capital).
Conclusions
This paper has suggested that among potential benefits deriving from a risk-based regulation of loan loss provisions and reserves we should include a beneficial dampening of the pro-cyclical effects of capital regulation. The econometric evidence shows that banks on average postpone provisioning when faced by favorable cyclical and income conditions until negative conditions set in. As a result of very different regulatory and institutional frameworks, rather differentiated provisioning behaviors prevail among banks located in different geographical areas. Not only differentiated patterns prevail among countries at different levels of development, but also within industrialized economies and within emerging countries. Better level of development tends to be conducive to more prudent patterns.
While it is becoming increasingly clear among bank regulators that more explicit recognition should be paid to the problems associated with inadequate provisioning policies, the solution is not easy to define or to envision as a result of the complicated interaction of accounting, fiscal and prudential requirements and responsib ilities that are particularly hard to extricate.
This paper provides some new empirical evidence that stresses the importance of new developments in this area of bank regulation. It also shows that while progress may benefit all countries, inclusive of more developed ones, it has a particular bearing for the stability of emerging banking systems.
Appendix 1:
Loan loss provisions, reserves, and expected losses.
5
Although regulatory capital is intended to provide an adequate buffer against adverse occurrences to banks' balance sheets it is not the only relevant buffer bankers can resort to. The prevailing conceptual framework, summarized in Figure 1 , recognizes the existence of two categories of shock absorbers: loan loss reserves and capital. Regulatory capital should cope with the occurrence of "unexpected losses", that is losses that are large but infrequent and that therefore can be located far in the tail of the frequency distribution of loan losses. Loan loss reserves should, instead, cope with "expected losses", that is losses which occur on average and can be measured by the mean value of the frequency distribution of loan losses. According to this distinction, the occurrence of losses equal to OB in 
Credit risk capital General Provisions

Unexpected losses
A final clarification concerns the nature of "specific" and "general" loan loss provisions and their role in the definition of bank capital regulation. According to widespread accounting practices "general" provisions refer to "ex-ante" provisions and are related to future uncertain events. "Specific" provisions are instead "ex-post" in nature, in that they refer to certain events (such as past due payments, or other default-like events) for which a specific documentation can be produced.
As such, "specific" provisions are somewhat similar to write-offs, can be easily documented and are not subject to significant restrictions. "General" provisions, on the contrary, refer to probabilistic losses that cannot be supported by loan specific documentation and being highly judgmental have been often the subject of regulatory restrictions. Not always bank regulations refer explicitly to general or specific provisions but most of the times regulatory requirements can be partitioned among "ex-ante" and "ex-post" provisioning. For instance, provisions triggered by past due payments (one of the default events considered by the Basel Committee on Banking Supervision) could be considered as "specific" provisions. Provisions which are, instead, required for all loans, independently from the presence of a default event, can be considered of a "general" nature.
Since bank solvency regulation is intended to address the consequences of future credit losses, whether of expected or unexpected nature, only "general" provisions matter in the discussion of minimum bank capital requirements. "Specific" provisions and reserves, similarly to write-offs, should not be considered as a buffer against future losses. Table 3 Random effects regression -Whole sample
The regressions are estimated using generalized least squares with random effects for the whole sample of countries and for the period 1988-1999. Dependent variable is the ratio of loan loss provisions over total EBP/Assets equals profits before tax and loan loss provisions over total assets. Loans/assets equals total loans over total assets. Loan growth equals loan growth in real terms. ln(real GDP per capita) is the logarithm of GDP per capita in constant 1995 US dollars Table 4 Regional regressions with random effects
The regressions are estimated using generalized least squares with random effects for the whole sample of countries and for the period 1988-1999. Dependent variable is the ratio of loan loss provisions over total EBP/Assets equals profits before tax and loan loss provisions over total assets. Loans/assets equals total loans over total assets. Loan growth equals loan growth in real terms. Ln(Assets) is the logarithm of assets in thousands of US dollar. The negative earnings dummy takes value one if profits before tax and loan loss provisions are negative, and zero otherwise. Table 5 Regional regressions with random effects and negative earning dummies
The regressions are estimated using generalized least squares with random effects for the whole sample of countries and for the period 1988-1999. Dependent variable is the ratio of loan loss provisions over total EBP/Assets equals profits before tax and loan loss provisions over total assets. Loans/assets equals total loans over total assets. Loan growth equals loan growth in real terms. Ln(Assets) is the logarithm of assets in thousands of US dollar. The negative earnings dummy takes value one if profits before tax and l oan loss provisions are negative, and zero otherwise. 
